The influence of total, Fl, and F3 histones on the primary antibody response in guinea pigs to vaccination with influenza virus A/2/Aichi/2/68 (H3 N2) was investigated. It was found that histones can greatly reduce the immunoglobulin (Ig) M and, to a smaller degree, the IgG antibody response. The immunosuppressive effect of histones was found to depend critically on the dose of virus used for vaccination, on the type and dose of histones, and on the schedule of histone application.
The influence of total, Fl, and F3 histones on the primary antibody response in guinea pigs to vaccination with influenza virus A/2/Aichi/2/68 (H3 N2) was investigated. It was found that histones can greatly reduce the immunoglobulin (Ig) M and, to a smaller degree, the IgG antibody response. The immunosuppressive effect of histones was found to depend critically on the dose of virus used for vaccination, on the type and dose of histones, and on the schedule of histone application.
Histones have been described to possess immunosuppressive activity. The prolongation of allograft survival time by pretreatment of allograft recipients with histones (7) and the reduction of antibody response to erythrocytes observed in histone-treated animals (8, 10, 11) should be mentioned as examples.
The experiments described in this paper were designed for the examination of the influence of total, Fl, and F3 histones from calf thymus on the primary antibody response in guinea pigs to vaccination with graded doses of influenza virus A/Aichi/2/68 (H3 N2).
Antibody titrations were carried out by means of the photometric ACU method (4) to achieve maximal reproducibility.
Since histones could influence differently the immunoglobulin (Ig) M and IgG antibody responses, sera were tested with and without pretreatment with 2-mercaptoethanol, which is known to destroy IgM and, to some extent, IgA antibodies (1, 2) .
Furthermore, the schedule of histone application was varied to test whether or not the dose of histones and the route of histone application influence the effect of histones on the antibody response.
MATERIALS AND METHODS Virus. Egg-adapted influenza virus of the strain A/2/Aichi/2/68 (H3 N2) purified by adsorption on, and elution from, BaSO4 (5) was used. In some experiments, hemagglutinin suspensions produced by ether treatment as described previously (5) were used.
Antigen doses were expressed in terms of HCU units (5) .
Histones. Total histone and the lysine-rich Fl and arginine-rich F3 fractions were prepared from calf thymus as described by Johns (9) . Doses of histone were expressed in terms of milligrams of histone nitrogen as determined by use of the Kjeldahl technique. (Histones were tested by means of the photometric hemaggregation test (3) for the presence of deoxyribonucleic acid (DNA) and ribonucleic acid (RNA) and were found to contain less than 0.1 jig of DNA and less than 0.2 jig of RNA per milligram of histone nitrogen.)
Animals. Guinea pigs of the TNO strain weighing between 350 and 400 g were used. Ten to twelve animals were used in each group.
Antibody titration. Blood samples were drawn prior to vaccination and in graded time intervals thereafter. Sera were pretreated with M/90 KIO4 and were tested by means of the photometric ACU method (4), using ether-treated A/Aichi/2/68 virus.
Antibody titers were expressed in terms of ACU units (4) . Sera were tested with and without pretreatment with 0.2 M mercaptoethanol (ME) as described previously (1) . The ACU titers of ME-treated sera were considered to represent IgG antibody, and the difference between the ACU titers of untreated and ME-treated sera were considered as measurement of IgM antibody. Prior 
RESULTS
Representative examples of the results obtained when testing comparatively the influence of total histone on the antibody response to vaccination with intact and ether-treated influenza virus (i.e., hemagglutinin) are shown in Table 1 .
When comparing the antibody response in the histone-treated groups (experiments 2, 3, 5, and 6) and in the corresponding histone-untreated control groups (experiments 1 and 4), the conclusion is reached that total histone reduced significantly the IgM antibody response to vaccination with intact virus (experiments 2 and 3).
In contrast, histone failed to reduce the antibody response in experimental groups 5 and 6 which had been vaccinated with hemagglutinin. It is of interest to note that vaccination with hemagglutinin failed to yield detectable IgM antibody response (see experiment 4).
The results of further experiments in which the influence of histones on the antibody response to vaccination with intact A/Aichi/2/68 (H3 N2) virus was tested are shown in Table 2 .
The results obtained for the use b Results of statistical evaluation of influence of histone on the antibody response (P < 0.05). "Histoneuntreated" control groups included experiment 7 (for evaluation of 8 and 9), 10 (for 11 and 12), 13 (for 14-19), and 20 (for 21-26). Symbols: 0, no significant influence; +, significant increase; -, significant decrease. icant increase in IgG antibody response in experiments 5 and 26.
When comparing the immunosuppressive activity of histones inoculated as a virus-histone mixture ( Table 2 , schedules A and C) with that of separate histone application (Table 2 , schedules B and D), it is obvious that separate inoculation was, in the majority of experiments, much more effective than was a combined histone-virus inoculation.
DISCUSSION
The data presented in this paper warrant the conclusion that histones can greatly influence the primary antibody response to vaccination with influenza virus. It should be emphasized that no statement can be made whether or not histones influence the secondary antibody response in a like manner.
The following findings indicate that IgM antibody response is much more sensitive to the action of histones than is the IgG antibody synthesis. IgM antibody response was much more frequently, and to a higher extent, reduced by histone injection than was IgG antibody response, and in many experiments IgM antibodies were reduced without decrease in IgG antibody levels, but never vice-versa. Furthermore, histone failed to reduce the antibody response in animals vaccinated with hemagglutinin and low doses of intact virus in which no detectable IgM antibody response in histoneuntreated controls was-observed.
The failure to detect IgM antibody response to vaccination with ether-treated virus is consistent with the results of previous reports where vaccination with deoxycholate-treated influenza virus also yielded no detectable IgM response (6) .
The data we have presented further indicate that histones showed much higher immunosuppressive activity when histones and virus were injected separately instead of together. This finding could be explained by means of the following hypothesis. Antibody synthesis involves at least processing of antigen by macrophage or T lymphocytes, or both, resulting in the transfer of information to antibody-producing B lymphocytes.
It is assumed that histone does not disturb the processing of antigen but interferes either with the subsequent transfer of information or with the antibody synthesis in B cells, or both, and it is assumed further that influenza virus adsorbs histones. Therefore, vaccination with histone virus mixtures containing histone-virus complexes will result in trapping of virusadsorbed histone in the antigen-processing cells, and the trapped amount of histone will not interfere with antibody synthesis. At present, one cannot verify the validity of this hypothesis.
It could be questioned whether or not the histone effects described could be influenced by antibody response specifically oriented to histone. However, in contrast to the chicken erythrocyte histone F2C which is known to be a potent antigen (13) , histones from calf thymus as used in these experiments did not yield detectable histone antibody response unless coupled to human serum albumin, DNA, or RNA (12) .
As a consequence, it seems highly improbable that the results described in this paper were conditioned by the development of histone antibody.
